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(54) Variable displacement swash plate compressor 



(57) A compressor which has a housing defining 
therein a suction chamber (19), a discharge chamber 
(20) and a crank chamber (17), a drive shaft (18) rotat- 
ably supported in the housing, a first end of which pen- 
etrates through the suction chamber and protrudes from 
the housing, and a second end of which is disposed in 
the crank chamber, a single-headed piston (34) accom- 
modated in a cylinder (33) formed in the housing., and a 



swash plate (38) integrally rotatably mounted on the 
drive shaft and coupled with the piston. The cylinder is 
located between the crank chamber and the first end of 
the drive shaft so that pressure in the crank chamber 
acts on the drive shaft in an opposite direction of com- 
pressive reaction force acting on the drive shaft. A shaft 
seal (46) is provided on the drive shaft between the suc- 
tion chamber and the first end of the drive shaft in order 
to seal the suction chamber. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a swash plate 5 
type compressor having a single-headed piston for use 
in, for example, a vehicle air conditioner. 
[0002] In a-variable displacement swash plate type 
compressor shown in Fig. 9, in general, a compressor 
housing is formed such that a front housing 102 and a u 
rear housing 103 are arranged to sandwich a cylinder 
block 1 01 . A crank chamber 104 is formed between the 
front housing 102 and the cylinder block 101. A drive 
shaft 105 across the crank chamber 104 is rotatably 
supported by the housing. A first end of the drive shaft 15 
105 penetrates through a through hole 1 06 of the front 
housing 102, whereas a second end of the drive shaft 
105 is in the crank chamber 104. A shaft seal 107 is 
arranged to seal a gap between the drive shaft 105 and 
the front housing 1 02, thereby preventing refrigerant in 20 
the crank chamber 104 from leaking out. A plurality of 
cylinder bores 108 are formed in the cylinder block 101 
to surround the drive shaft 1 05. A piston 1 09 is disposed 
in each the cylinder bore 1 08 and reciprocates there. A 
suction chamber 110 and a discharge chamber 1 1 1 are 25 
formed in the rear housing 103. 

[0003] A swash plate 113 is mounted on the drive 
shaft 105 through a hinge mechanism 112 and rotates 
together with the drive shaft 105. The swash plate 113 
is capable of sliding in the axial direction of the drive 30 
shaft 1 05 and of inclining with respect to the drive shaft 
105. Each the piston 109 is engaged with an outer pe- 
ripheral portion of the swash plate 113 through a pair of • 
shoes 114 so that the rotational movement of the drive 
shaft 1 05 is converted to the reciprocating movement of 35 
the piston 109. Refrigerant in the suction chamber 110 
is drawn into the cylinder bore 1 08 and compressed 
there by the reciprocating piston 1 09. When pressure in 
the crank chamber 104 is adjusted, an inclination angle 
of the swash plate 113 changes. Therefore, the piston 40 
stroke changes. Accordingly, the discharge capacity of 
the compressor becomes variable. For example, the in- 
clination angle of the swash plate 113, the angle be- 
tween a plane perpendicular to the drive.shaft 105 and 
the swash plate 113, decreases when the pressure in 4s 
the crank chamber 1 04 increases. Reduction-of the pis- 
Ion stroke decreases the discharge capacity of the com- 
pressor. 

[0004] During operation of the compressor, compres- 
sive reaction force of each the piston 109 acts on the so 
drive shaft 1 05 through the swash plate 1 1 3. On the oth- 
er hand, pressure difference between the pressure Pc 
in the crank chamber 1 04 and the atmospheric pressure 
P 0 , which is multiplied by a cross-sectional area of the 
drive shaft 1 05 substantially at which the shaft seal 1 07 55 
is provided, acts on the drive shaft 1 05. Both the reaction 
force and the pressure difference intend to push the 
drive shaft 1 05 frontwards. The thrust load based on the 



reaction force and the pressure difference is supported 
by the front housing 102 through a thrust bearing 116 
arranged between a rotor 115 or lug plate and the front 
housing 1 02. 

[0005] In recent years a compressor is proposed for 
use in a refrigerant circuit which employs refrigerant gas 
such as carbon dioxide, instead of chloro-fluoro carbon. 
Such a circuit, after compression of the gas, cools down 
the gas in a super critical range that exceeds a critical 
' temperature of the gas. For example, according to Jap- 
anese Patent Application Publication No. 1 1 -2231 79 dis- 
closes a variable displacement type of compressor em- 
ploying carbon dioxide as refrigerant. In this compres- 
sor, refrigerant in a discharge pressure region supplied 
into the crank chamber 104 is controlled by an electric 
displacement control valve 11 7 as shown conventionally 
in Fig. 9. The amount of refrigerant passing through the 
refrigerant circuit is adjusted based on the external data 
such as a heal load. 

[0006] When the circuit employs chloro-fluoro carbon 
as refrigerant, the pressure Pc in the crank chamber is 
relatively small, less than or equal to 9.8 x 10 5 Pa. How- 
ever, when the refrigerant such as carbon dioxide is em- 
ployed, the pressure Pc in the crank chamber arises 
greatly. For example, employment of carbon dioxide 
raises the pressure Pc higher than the pressure in em- 
ployment of chloro-fluoro carbon by about several tens 
to a hundred x-1 o 4 Pa. As a result, the thrust load sup- 
ported by the thrust bearing 116 increases greatly, and 
sealing function of the shaft seal 107 against the high 
pressure is required. 

[0007] When the thrust load acting on the drive shaft 
105 in the same direction as the compressive reaction 
force becomes higher, mechanical loss increases as 
well as the power consumption to drive the drive shaft 
1 05. The power consumption is typically apparent when 
the power of the drive source such as an engine is trans- 
mitted to the drive shaft 105 without using a clutch, for 
instance, in a clutchless variable displacement type of 
swash plate compressor. That is, when the compressor 
is driven in a minimum capacity state or off-drive state, 
the power consumption, which should be minimum, in- 
creases. 

[0008] Further when the shaft seal 1 07 is arranged in 
the crank chamber region, the lubrication of the shaft 
seal 107 is not satisfactorily performed because refrig- 
erant in the crank chamber has not only high pressure 
but high temperature. 

SUMMARY OF THE INVENTION 

[0009] Accordingly, it is a first object of the present in- 
vention to provide a swash plate type compressor in 
which required power to drive the compressor is re- 
duced by reducing a thrust load in the same direction as 
compressive reaction force acting on a drive shaft. 
[0010] To achieve the above first object, a swash plate 
type compressor of the present invention has a housing 
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including a suction chamber, a discharge chamber and 
a crank chamber, a drive shaft rotatabty supported by 
the housing, the drive shaft having a first end protruding 
from the housing and a second end disposed in the 
crank chamber, a cylinder bore defined between the 
crank chamber and the first end of the drive shaft, a sin- 
gle-headed piston disposed in the cylinder bore to be 
reciprocated, and a cam plate rotatably mounted on the 
drive shaft in the crank chamber, the cam plate being 
operatively engaged with the piston, whereby rotational 
movement of the drive shaft is converted to reciprocat- 
ing movement of the piston through the cam plate. 
[0011] In the present invention, when refrigerant is 
compressed during operation of the compressor, the 
compressive reaction force of the piston acts on the 
drive shaft through the cam plate thereby pushing the 
drive shaft toward its second end. On the other hand, 
pressure in the crank chamber acts on the second end 
portion of the drive shafL against atmospheric pressure 
acting on the first end of the drive shaft so that pressure 
difference between them pushes the drive shaft in the 
opposite direction to the reaction force. Therefore, ac- 
cording to the present invention the power to drive the 
drive shaft of the compressor is reduced by reduction of 
thrust force acting on the drive shaft. 
[001 2] It is a second object of the present invention to 
provide a swash plate type compressor in which a shaft 
seal arranged to seal a gap between a drive shaft and 
a housing is improved. 

[0013] To achieve the above second object according 
to the present invention, the suction chamber is in the 
housing defined adjacent to the first end of the drive 
shaft. The drive shaft is arranged in the housing such 
that the first end of the drive shaft penetrates the suction 
chamber and protrudes from the housing. A shaft seal 
is arranged between the suction chamber and the first 
end of the drive shaft, thereby sealing the suction cham- 
ber. 

[0014] The foregoing shaft seal arrangement of the 
present invention simply requires resistance against 
pressure difference between atmospheric pressure and 
suction pressure which is lowest in the compressor. Act 
cordingly, durability of the shaft seal is sufficiently ex- 
tends, and sealing function thereof is improved. This is 
apparently effective when carbon dioxide and the like is 
employed as refrigerant instead of chloro-fluoro carbon, 
because carbon dioxide is used in its high pressure 
range, super critical range. The pressure in the crank 
chamber of the variable displacement compressor is to 
be higher than that of the fixed displacement compres- 
sor. Accordingly, the variable displacement compressor 
according to the present invention is more effective than 
the fixed displacement compressor according to the 
present invention because carbon dioxide is used in its 
high pressure range, super critical range. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The features of the present invention that are 
believed to be novel are set forth with particularity in the 
5 appended claims. The invention together with objects 
and advantages thereof, may best be understood by ref- 
erence to the following description of the presently pre- 
ferred embodiments together with the accompanying 
drawings in which: 

10 

Fig. 1 is across-sectional view illustrating a variable 
displacement type of compressor according to a 
preferred embodiment of the present invention; 

15 Fig. 2(a) is an enlarged partial cross-sectional view 
illustrating a shaft seal of the compressor; 

Fig. 2(b) is a cross-sectional view as seen from line 
lib-lib , in Fig. 2(a). where a front housing is omitted; 

20 

Fig. 3 is a partial cross-sectional view illustrating a 
middle portion of the compressor according to the 
present invention; 

25 Fig. 4 is a partial cross-sectional view illustrating a 
front portion of the compressor according to the 
present invention; 

Fig. 5 is a cross-sectional view illustrating a control 
30 valve according to the present invention; 

Fig. 6 is a partial cross-sectional view illustrating a 
rear portion of the compressor according to the 
present invention; 

35 

Fig. 7 is a partial cross-sectional view illustrating a 
rear portion of the compressor according to the 
present invention; 

40 Fig. 8 is a cross-sectional view illustrating a fixed 
displacement compressor according to the present 
invention; and 

Fig. 9 is across-sectional view illustrating a variable 
45 displacement compressor according to a prior art. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

50 [0016] The present invention is applied to a variable 
displacement compressor for a vehicle air conditioner. 
An ombodimcnt according to the present invention will 
now be described with reference to Figs. 1 and 2. 
[0017] As shown in Fig. 1 , a front housing 12, a cyltn- 

55 der block 1 3 and a rear housing 1 4 constitute a housing 
11 of a compressor 10. These members are arranged 
from front to rear (left to right in Fig. 1 ), and secured by 
a plurality of through bolts 15 (only one through blot is 
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illustrated). A valve plate assembly 16 is arranged be- 
tween the front housing 12 and the cylinder block 13. A 
crank chamber 1 7 is defined between the cylinder block 
13 and the rear housing 14. 

[0018] A drive shaft 18 is rotatably supported by the 
housing 11. A first end of the drive shaft 18 protrudes 
from the front housing 1 2, and a second end of the drive 
shaft 1 8 is disposed in the crank chamber 1 7. In the front 
housing 12 a suction chamber 19 is formed around the 
drive shaft 18, and an annular discharge chamber 2-0 
is formed to surround the suction chamber 1 9. A recess 
21 is formed at a central inner wail of the front housing 
12 adjacent the suction chamber 19. An axial hole 22 is 
formed in the cylinder block 13 to communicate the 
crank chamber 17 with the suction chamber 19. A re- 
cess 23 is formed in the rear housing 1 4 facing the crank 
chamber 1 7. The recess 23 supports the second end of 
the drive shaft by means of a radial bearing 24. 
[0019] The drive shaft is further supported al its inter- 
mediate portion by the cylinder block 1 3 through a radial 
bearing 25 arranged in the axial hole 22. 
[0020] A shaft seal 26 is disposed in the recess 21 of 
the front housing 12. As shown in Fig. 2(a), the shaft 
seal 26 includes a ring 27 fitting in the recess 21 of the 
front housing 12 and a sliding ring 29 made of carbon. 
The sliding ring 29 is mounted on the drive shaft 18 
through an O-ring30such that the sliding ring 29 rotates 
integrally with the drive shaft 18 and slides against the 
ring 27. The ring 27 is loosely mounted around the drive 
shaft 1 8 . and the O-ring 28 is arranged between the ring 
27 and the front housing 12. The rings 27 and 29 each 
have a sliding contact surface perpendicular to the drive 
shaft 1 8. The ring 29 is urged to the ring 27 by a spring 
32. The sliding contact of the rings 27 and 29 conducts 
the sealing function of the shaft seal. As shown in Fig. 
2(b), three grooves 29a are formed at an outer periphery 
of the sliding ring 29. The shaft seal 26 has a support 
ring 31 which integrally rotates with the drive shaft 18. 
The support ring 31 has three hooks 31 engaging with 
the respective grooves 29a. A spring 32 urging the slid- 
ing ring 29 toward the ring 27 is provided between the 
support ring 31 and the sliding ring 29. The O-ring 30, 
the sliding ring 29, the ring 27 and the O-ring 28 together 
seal a gap or clearance between the drive shaft 18 and 
the housing 11. 

[0021 ] A plurality of cylinder bores 33 (only one cylin- 
der bore is illustrated in Fig. 1 ) are formed in the cylinder 
block 13 around the drive shaft 18 so that the cylinder 
bores 33 are located at front side of the crank chamber, 
or between the crank chamber 1 7 and the first end of 
the drive shaft 18. A single-headed piston 34 is disposed 
in each the cylinder bore 33 and reciprocates there. A 
compression space or chamber 35 is defined in the cyl- 
inder bore 33 by the valve plate assembly 16 and the 
piston 34. The compression chamber 36 changes its ca- 
pacity in accordance with the reciprocating movement 
of the piston 34, thereby defined the refrigerant is com- 
pressed. 



[0022] A lug plate 36 as a rotor is mounted on and 
integrally rotatably with the drive shaft 18 in the crank 
chamber 17. The lug plate 36 is supported by an inner 
wall surface 14a of the rear housing 14 through a first 
5 thrust bearing 37. The axial load by the compressive re- 
action force is received by the inner wall surface 1 4a of 
the housing 11 so that the inner wall surface 14a func- 
tions as a regulating surface regulating the position of 
the drive shaft 1 8 in the axial direction. 
10 [0023] A swash plate 38 as a cam plate arranged in 
the crank chamber 17 has a through hole 38a through 
which the drive shaft 1 8 penetrates. A hinge mechanism 
39 is arranged between the lug plate 36 and the swash 
plate 38. The hinge mechanism has a pair of support 
1 5 arms 40 (only one support arm is illustrated in Fig. 1) 
protruding from a front surface of the lug plate 36, guide 
holes 41 each formed in the respective support arms 40, 
and a pair of guide pins 42 (only one guide pin is illus- 
trated) fixed lo the swash plale 38. Each the guide pin 
20 42 has at its distal end a spherical portion 42a engaged 
with the guide hole 41 . The swash plate 38 is supported 
by the drive shaft 18 through the hinge mechanism 39, 
and is rotatable together with the lug plate 36 and the 
drive shaft 18. The swash plate 38 is further inclinable 
25 with respect to the drive shaft 18, and is slidable in the 
axial direction of the drive shaft 1 8 by means of the hinge 
mechanism 39. A counterweight portion 38b is formed 
integrally with the swash plate 38 at the opposite side 
to the hinge mechanism 39 with respect to the drive 
30 shaft 18. 

[0024] A circular clip 43 is fixed to the drive shaft 1 8, 
such that the clip 43 positions within a large diameter 
portion 22a of the axial hole 22. A thrust bearing 44 is 
disposed in the large diameter portion 22a. A first coil 

35 spring 45 is arranged around the drive shaft 1 8 between 
the clip 43 and the thrust bearing 44. The coil spring 45 
urges the drive shaft 18, thereby urging the lug plate 36 
toward the inner wall surface 1 4a of the rear housing 1 4. 
[0025] A seal or a sealing ring 46 is arranged in the 

40 axial hole 22 to seal a gap between the outer peripheral 
surface of the drive shaft 1 8 and the cylindrical inner 
surface of the axial hole small diameter portion. The 
sealing ring 46 prevents gas in the crank chamber from 
leaking into the suction chamber through the axial hole 

45 22. The sealing ring 46 is made of rubber orf luoroprastic 
resin, and its cross-section is U-shape, lip-shape or the 
like. 

[0026] A second coil spring 47 to reduce the inclina- 
tion angle of the swash plate 38 is arranged around the 
50 drive shaft 1 8 between the lug plate 36 and the swash 
plate 38. The coil spring 47 urges such that the swash 
plate 38 approaches the cylinder block 1 3 or reduces its 
inclination angle. 

[0027] A third coil spring 48 as a return spring is ar- 
55 ranged around the drive shaft 18 between the swash 
plate 38 and the clip 43. When the swash plate 38 is in 
its large inclination angle state as shown with a solid line 
in Fig. 1 , the third coil spring 48 does not urge the swash 
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plate 38 because of natu ral length of the third coil spring 
48. On the other hand, when the swash plate 38 Is in its 
small inclination angle state as shown with two dot chain 
line in Fig. 1 , the third coil spring 48 is contracted be- 
tween the swash plate 38 and the clip 43. In this state 5 
the third coil spring 48 urges the swash plate 38 away 
from the cylinder block 13 and increases the inclination 
angle of the swash plate. 

[0028] The piston 34 engages with the periphery of 
the swash plate 38 through a pair of shoes 49 so that 
the rotational movement of the swash plate 38 accom- 
panied by the rotation of the drive shaft 18 is converted 
to the reciprocating movement of the piston 34 through 
the shoes 49. The swash plate 38 and the shoes 49 are 
made of steel. Surface treatments such as thermally 
spraying or fictionally welding aluminum or aluminum 
alloy is performed on the sliding portion of the swash 
plate 38, on which the shoes 49 slide, to prevent their 
seizure. 

[0029] The drive shaft 1 8 is operatively connected to 
an engine 51 as a drive source through a power trans- 
mitting mechanism 50. The power transmitting mecha- 
nism 50 may be a clutch mechanism such as magnetic 
clutch which selectively connects and disconnects the 
drive shaft 18 with the engine. The power transmitting 
mechanism 50 may be a clutchless mechanism such as 
a belt and a pulley which always connects the drive shaft 
to the engine 51. In this embodiment a clutchless type 
of the power transmitting mechanism 50 is applied. 
[0030] On the valve plate assembly 16, a suction port 
52, a suction valve 53 which opens and closes the suc- 
tion port 52, a discharge port 54, and a discharge valve 
55 which opens and closes the discharge port 54 are 
formed corresponding to the respective cylinder bore 
33. The suction chamber 19 and the cylinder bore 33 
are communicated with each other through the suction 
port 52. The cylinder bore 33 and the discharge cham- 
ber 20 are communicated with each other through the 
discharge port 54. The refrigerant gas in the suction 
chamber 19 is drawn into the cylinder bore 33 through 
the suction port 52 while opening the suction valve 53 
by the movement of the piston 34 from its top dead cent- 
er to bottom dead center. The refrigerant gas in the cyl- 
inder bore 33 is compressed to predetermined pressure, 
and discharged into the discharge chamber 20 through 
the discharge port 54 while opening the discharge valve 
55 by the movement of the piston 34 from its bottom 
dead center to top dead center. 

[0031] A muffler 56 having a chamber 56a is formed 
on an outer periphery of the housing 11 in such a manner 
that the muffler lies from the cylinder block 1 3 to the rear 
housing 14. The muffler chamber 56a is communicated 
with the discharge chamber 20 th rough a discharge pas- 
sage 57 formed in the cylinder block 13. The muffler 
functions to expand gas in the muffler chamber 56a, and 
to reduce the pulsation of the gas discharged out of the 
discharge chamber 20. 

[0032] A supply passage 58 as a control passage is 
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formed to communicate the muffler chamber 56a with 
the crank chamber 1 7. A control valve 59 is arranged in 
the supply passage 58, The opening degree of the sup- 
ply passage 58 is adjusted by the control valve 59. In 
this embodiment the muffler 56 is arranged downstream 
the discharge chamber 20. An end of the supply pas- 
sage 58 opens to the crank chamber where the radial 
bearing 24 is disposed. The bearing 24 is therefore lu- 
bricated by the gas which includes oil mist. The supply 
passage functions to add the discharge pressure to the 
second end of the drive shaft 18. A bleeding passage 
60 is formed in the cylinder block 1 3 and the valve plate 
assembly 1 6 to communicate the crank chamber 1 7 with 
the suction chamber 19. An orifice 61 is arranged in the 
bleeding passage 60. 

[0033] The control valve 59 is a magnetic valve. The 
valve 59 Includes a valve chamber 62 s a valve spherical 
body 63 disposed in the valve chamber 62, a valve hole 
64 opened to the valve chamber 62 and a solenoid 65. 
The valve chamber 62 and the valve hole 64 constitute 
a part of the supply passage 58. 

[0034] The solenoid 65 includes a stator core 66, a 
movable core 67 and a coil 68 and a rod 69 operatively 
connecting the movable core 67 and the valve body 63. 
A spring 70 urges the movable core 67 and the rod 69 
toward the valve body 63 so that the valve body 63 
opens the valve hole 64. The coil 68 is arranged to sur- 
round the stator core 66 and the movable core 67. When 
the solenoid 65 is excited, a magnetic force is produced 
between the stator core 66 and the movable core 67. 
The movable core 67 moves against the spring 70, and 
the rod 69 and the valve body 63 are urged by another 
spring in the valve chamber 62 and close the valve hole 
64. When the solenoid 65 is de-excited, the movable 
core 67 and the rod moves toward the valve body. 63 by 
the spring 70, and the valve body 63 opens the valve 
hole 64. 

[0035] The suction chamber 1 9 and the muffler cham- 
ber 56a are communicated through an external refriger- 
ant circuit 71 which includes a condenser 72 : an expan- 
sion valve 73 and an evaporator 74. The external refrig- 
erant circuit 71 and the above described variable dis- 
placement compressor constitute a refrigerant circuit for 
a vehicle air conditioner. In this embodiment carbon di- 
oxide is applied as refrigerant gas. 
[0036] Provided Is a controller 75 which determines a 
current value to a drive circuit 79 for the solenoid 65 due 
to external signal such as actual temperature obtained 
by a temperature sensor 76 disposed in a vehicle com- 
partment, pre-set temperature by a temperature setting 
device 77 disposed in the vehicle compartment, rota- 
tional speed of the ongino 51 from a speed sonsor 78. 
The drive circuit 79 outputs the current value to the coil 
68 of the control valve 59. 

[0037] The operation of the above described com- 
pressor will be described. 

[0038] The swash plate 38 rotates integrally with the 
drive shaft 18 through lug plate 36 and the hinge mech- 
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an ism 39. The rotational movement of the swash plate 
38 is converted to the reciprocating movement of the 
piston 34 through the respective shoes 49. During the 
compressor operation, the refrigerant gas returns to the 
suction chamber 19 from the external refrigerant circuit 
71 . The refrigerant is drawn through the port 52 to, com- 
pressed in and discharged through the port 54 from the 
compression chamber 35, continuously. The refrigerant 
discharged to the discharge chamber 20 is sent to the 
external refrigerant circuit 71 through the discharge pas- 
sage 57 and the muffler chamber 56a. 
[0039] The-control valve 59 adjusts the opening de- 
gree of the supply passage 58 in accordance with a cool- 
ing load. For example, when temperature detected by 
the temperature sensor 76 is higher than pre-set tem- 
perature set by a temperature setting device 77, the con- 
troller 75 estimates cooling requirement large and de- 
termines a corresponding current value given to the so- 
lenoid 59. The controller 75 operates the drive circuit 79 
to drive the solenoid 65 of the control valve 59. The drive 
circuit 79 supplies the current determined by the con- 
troller 75 to the coil 68. According to the solenoid ener- 
gized the valve body 63 moves against the spring 70 
and closes the valve hob 64. The opening degree of the 
supply passage 58 is therefore reduced. 
[0040] When introduction of the discharge pressure 
to the crank chamber 1 7 is reduced, the pressure in the 
crank chamber 17 gradually becomes small because 
the refrigerant flows through the bleeding passage 60 
to the suction chamber 1 9. As a result, the pressure dif- 
ference between the crank chamber pressure and the 
cylinder bore pressure or the suction pressure is re- 
duced, and the inclination angle of the swash plate 38 
increases. Accordingly, the piston stroke increases, and 
the discharge capacity also increases. 
[0041] On the contrary, when temperature detected 
by the temperature sensor 76 comes close to the pre- 
set temperature of the temperature setting device 77, 
the controller 75 estimates the cooling requirement 
small and directs the drive circuit 79 to de-energize the 
solenoid 65 of the control valve 59. The drive circuit 79 
then stops supplying the current to the coil 68. Accord- 
ingly, the valve body 63 moves to open the valve hole 
64, and the opening degree of the supply passage 58 
increases. 

[0042] When introduction of the discharge pressure 
to the crank chamber 17 pressurizes there, the differ- 
ence between the crank chamber pressure and the suc- 
tion pressure increases, and the inclination angle of the 
swash plate 38 therefore decreases. Accordingly, the 
piston stroke decreases, and the discharge capacity al- 
so decreases. 

[0043] When the piston 34 compresses the refrigerant 
gas, compressive reaction force F1 by the piston 34 acts 
on the drive shaft 18 through the shoes 49, the hinge 
mechanism 39 and the lug plate 36. The reaction force 
is finally received by the receiving surface of the rear 
housing 14. Crank chamber pressure Pc acts on the 



second end of the drive shaft 18 frontward., an opposite 
direction of the compressive reaction force. External 
pressure (atmospheric pressure P 0 ) which is smaller 
than the pressure Pc in the crank chamber 17 acts on 

5 the first end of the drive shaft 18 in the same direction 
as the reaction force. When pressure difference Pc-P 0 
multiplied by the cross-sectional area S of the drive shaft 
1 8 at the position of which the sealing ring 46 is provided 
denotes force F2 or F2=(Pc-P 0 ) X S, the force F2 acts 

10 on the drive shaft 1 8 against the reaction force F1 . Con- 
ventionally, the reaction force F1 and the pressure 
based force F2 were in the same direction. However, in 
the present invention the force F2 works in the opposite 
direction to the reaction force F1. Accordingly, some 

is thrust load received by the bearing 37 is cancetled ! and 
the power to drive the drive shaft 1 8 is reduced because 
of reduction of bearing friction. 

[0044] When carbon dioxide is applied as refrigerant 
instead of chloro-fluoro carbon, the pressure Pc of car- 

20 bon dioxide becomes higher than the pressure of chloro- 
fluoro carbon by about from several tens to a hundred 
x 1 0 4 Pa. Therefore, in the conventional constitution a 
large thrust force might act on the drive shaft 1 8 if carbon 
dioxide is employed. However, in the present invention 

25 the drive force is sharply reduced because the force F2 
by the pressure in the crank chamber 17 contradicts the 
reaction force F1 . 

[0045] In the crutchless type of compressor, even 
while the air conditioner stops, the rotation of the engine 

30 51 is transmitted to the drive shaft 1 8, so called off-drive 
of the compressor. At this time, the inclination angle of 
the swash plate 38 is minimum, and the reaction force 
acts on the drive shaft 1 8 by the minimum movement of 
the piston 34. However, as above described, the force 

35 F2 due to the pressure deference Pc-P 0 acts on the 
drive shaft 1 8 to contradict the reaction force, the power 
consumption is reduced when the off-drive of the com- 
pressor is performed. 

[0046] While the drive shaft 1 8 rotates, the compres- 

40 sive movement of the piston 34 is accompanied by the 
swash plate 38. The reaction force urges the drive shaft 
18 toward the rear housing 14. The lug plate 36, which 
contacts the thrust bearing 37, is also urged toward the 
receiving surface (the inner wall surface 14a) regulating 

45 the drive shaft position in the axial direction. However, 
while the compressor stops and the reaction force of the 
piston 34 does not act on Ihe drive shaft 1 8, pressure in 
the crank chamber 1 7 urges the drive shaft 1 8 frontward 
because the pressure in the crank chamber is normally 

50 higher than the atmospheric pressure. When the com- 
pressor starts, the frontwardly urged drive shaft 18 may 
cause to generate noise due to collision between the 
thrust bearing and the lug plate. However, in this em- 
bodiment the first coil spring 45 always urges the drive 

55 shaft 18 to the rear housing 14 so that the lug plate 36 
maintain its contact with the thrust bearing 37 while the 
compressor 10 stops. Accordingly, when the compres- 
sor starts again, noise is reduced because the lug plate 
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36 does not collide with the thrust bearing 37. The urging 
force of the first coil spring 45 is so determined that the 
force overcomes the pressure difference Pc-P 0 and 
slightly urges the lug plate 36 to the thrust bearing 37. 
Therefore, the urging force does not influence the drive 5 
force of the drive shaft 18. 

[0047] In this embodiment following effects may be 
obtained. 

(1 ) Compared with the conventional compressor in io 
which both the forces act in the same direction, the 
foregoing compressor sharply reduces the power to 
drive the drive shaft 1 8 since the force, which is pro- 
portional to the difference between the pressure in 

the crank chamber 17 and the atmospheric pres- is 
sure, acts on the drive shaft 18 in the opposite di- 
rection to the reaction force of the piston. Further- 
more, the crank chamber pressure against the re- 
action force reduces friction at the thrust bearing 37. 
Therefore, the durability of the thrust bearing 37 is 20 
improved. When carbon dioxide is applied as refrig- 
erant instead of chloro-fluoro carbon, the above ef- 
fect is remarkably obtained. 

(2) The first end of the drive shaft 18 penetrates 
through the suction chamber 1 9 and protrudes from 25 
the housing 11 . The shaft seal 26 requires only seal- 
ing force to endure the difference between the suc- 
tion pressure which is the lowest in the compressor 
and the atmospheric pressure, whereas the shaft 
seal in the conventional compressor needs to en- 30 
dure the difference between the crank chamber 
pressure which may be the highest in the compres- 
sor and the atmospheric pressure. Accordingly, the 
shaft seal arrangement according to the present in- 
vention endures longer than the shaft seal arrange- 35 
ment of the conventional compressor. Compared to 

the conventional shaft seal, the shaft seal 26 is dis- 
posed in lower temperature region, the suction 
chamber. Therefore, the endurance of the shaft seal 

26 is further improved. The mist oil in the refrigerant 40 
returning from the external circuit to the suction 
chamber 19 is smoothly supplied between the ring 

27 and the sliding ring 29, thereby improving the 
quality of the shaft seal. 

(3) The sliding ring 29 is always urged by the spring 43 
32 to the ring 27 through their respective sliding 
contact surfaces perpendicular to the drive shaft. 
Accordingly, even if the sliding contact surface is 
worn, the ring 27 and the sliding ring 29 maintain 
their contacts, therefore, maintain sufficient sealing so 
function. 

(4) The inner wall surface 14a of the roar housing 
receives the thrust load by the reaction force of the 
piston 34 and regulates the position of the drive 
shaft 18 In the axial direction. The lug plate 36 is 55 
urged toward the thrust bearing 37 by the first coil 
spring while the compressor 1 0 stops. Accordingly, 
vibrations or noise due to shaking of the drive shaft 



1 8 is prevented when the drive shaft 1 8 starts again. 
Because the relative movement between the seal 
ring 46 and the drive shaft 18 is prevented, foreign 
substances are prevented from entering between 
the seal ring 46 and the drive shaft 18. Therefore, 
the seal ring 46 is prevented from deteriorating at 
an early stage of its use, and the endurance of the 
compressor is improved. 

(5) The swash plate 38 is rotatable integrally with 
drive shaft 18 through the lug plate 36 fixed to the 
drive shaft 18 and the hinge mechanism 39, and is 
inclinable with respect to the drive shaft 18. The in- 
clination angle of the swash plate 38 is adjusted 
simply in accordance with the pressure in the crank 
chamber 17. Accordingly, the compressor 10 runs 
at its proper discharge capacity by the inclination 
angle of the adjustment of the swash plate which is 
accompanied by the cooling load. 

(6) The control passage to introduce the discharge 
pressure to the crank chamber 17 is formed. The 
opening degree of the control passage is adjusted 
by the control valve 59 arranged in the control pas- 
sage, and the pressure in the crank chamber 17 is 
adjusted. Accordingly, the pressure in the crank 
chamber 17 is adjusted easily by the control valve 
59. 

(7) Compared to the conventional so called inner 
control valve having pressure sensitive mechanism 
such as bellows or a diaphragm which moves by 
the suction pressure and which adjusts an opening 
degree of the supply passage, the magnetic valve 
as the control valve according to the present inven- 
tion smoothly adjusts its opening degree by using 
the external electric signals, thereby adjusting the 
pressure Pc in the crank chamber 17. 

(8) The control valve 59 is arranged in the rear hous- 
ing, and isolated from the discharge chamber 20 
formed in the front housing. Accordingly, the control 
valve 59 is not influenced by high temperature of 
the discharge gas. Therefore, the solenoid 65 is 
prevented from raising its temperature, and the con- 
trol valve operates accurately. 

(9) Since the control valve 59 is arranged at the 
downstream of the muffler 56, the refrigerant sup- 
plied to the control valve 59 has substantially no pul- 
sation, therefore prevents the valve from hunting. 
Accordingly, the pressure Pc in the crank chamber 
17 is improved in accuracy. 

(10) Since the muffler 56 is arranged between the 
discharge chamber in the front housing and thecon- 
trol valve in the rear housing which is preferably 
away from the discharge chamber, manufacture of 
the housing 11 and machining of the control pas- 
sage between the muffle 56 and the crank chamber 
1 7 through the control valve are performed easily. 

(11) The sealing ring 46 arranged in the axial hole 
22 to seal between the drive shaft 1 8 and the cylin- 
der block 13 prevents the refrigerant gas in the 
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crank chamber 17 from leaking through the axial 
hole 22. As a result, the refrigerant gas in the crank 
chamber 1 7 bleeds into the suction chamber 1 9 on- 
ly through the bleeding passage 60. Therefore, the 
pressure in the crank chamber 1 7 is adjusted in high 
accuracy when the discharge capacity is changed. 

(12) The orifice 61 is useful to restrict the bleeding 
gas amount because it is hard to machine the entire 
bleeding passage 60 with a predetermined diame- 
ter which should be severely provided when the 
compressor employs carbon dioxide as refrigerant 
gas which causes higher pressure in the housing 
than chloro-fluoro carbon. 

(13) The clutchless compressor according to this 
embodiment is always driven, regardless of need of 
its operation, whenever the engine runs. However, 
this compressor generates no vibration and noise 
caused by clutch ON and OFF. Moreover, the power 
consumption is small Tor the reason mentioned in 
the effect (1). 

(14) Since the lubricating passage or the control 
passage opens to the crank chamber 1 7 where the 
radial bearing 24 is provided, the oil mist involved 
in the gas lubricates the radial bearing 24 whenever 
the gas flows into the crank chamber through the 
passage. 

(15) The control passage is applied as the lubricat- 
ing passage. Accordingly, separate fabrication of 
the lubricating passage for the radial bearing 24 is 
not necessary. 

(16) The first coil spring 45 isolates from the third 
coil spring 48. Accordingly, each spring force of the 
coil springs 45 and 48 according to the embodiment 
is adjusted more easily than each spring force of 
the coil springs 45 and 48 formed integrally. 

[0048] The present invention may be modified as fol- 
lows. 

[0049] The first coil spring 45 urging the drive shaft 1 8 
against the inner wall surface 14a and the third coil 
spring 48 urging the swash plate 38 rearward to in- 
crease the inclination angle with respect to the drive 
shaft 1 8 may be integrally formed as a single coil spring 
80 arranged between the thrust bearing 44 and the 
swash plate 38, as shown in Fig. 3. In this case the 
number of assembled parts is reduced, and time and 
processor assembling is also reduced. When Ihe swash 
plate 38 is nearly in the maximum inclination angle state, 
the contact between the coil spring 80 and the swash 
plate 38 is removed. That is, when the compressive re- 
action force is the maximum, the coil spring 80 does not 
urge the swash plate 38 in the same direction as the 
reaction force. Accordingly, the drive force is reduced. 
The coil spring 80 may, however, always urge the swash 
plate 38 if so desired. 

[0050] While the compressor 10 is driven, the thrust 
load is received by the rear housing through the first 
thrust bearing 37. The second thrust bearing 44 pre- 



vents the front end of the coil spring 45 or 80 from being 
worn due to its sliding contact with the cylinder bloc : 3. 
The drive shaft 18 and the coil spring 45 or 80 t:\: xie 
integrally and smoothly by the second thrust bearing 44. 
s The thrust bearing 44 which the front end of the coil 
spring 45 or 80 contacts can, however, be omitted. The 
coil spring 45 or 80 may be directly supported by a step 
portion of the axial hole 22. 

[0051] The orifice 61 of the bleeding passage 60 can 
io be omitted when the bleeding passage 60 is formed at 
a predetermined diameter by which the bleeding 
amount is controlled. 

[0052] The radial bearing 25 may be applied as an or- 
ifice by eliminating the sealing ring 46 in the axial hole 
*5 22 and adjusting the diameter of the axial hole 22. In 
this case, the bleeding passage 60 is not needed. 
[0053] The drive shaft 18 does not necessarily pene- 
trate the suction chamber 19. As shown in Fig. 4 ; an 
annular suction chamber 1 9 may be formed in the front 
20 housing 12, and the through hole 61 for the drive shaft 
18 may be formed inside the suction chamber 19. 
[0054] In orderto change pressure in the crank cham- 
ber 17 a control valve may be disposed in the bleeding 
passage instead of the supply passage. The bleeding 
25 passage in this case is a control passage. As shown in 
Fig. 5, the control valve 59 controls an opening degree 
of the bleeding passage communicating-the crank 
chamber 17 with the suction chamber 19. Ps denotes 
pressure in the suction chamber 1 9. 
30 [0055] In the constitution that the control valve is ar- 
ranged in the bleeding passage, a sealing ring 82 may 
be arranged in the recess 23 of the rear housing 14, and 
a passage 83 may be formed to supply discharge pres- 
sure into the recess 23, as shown in Fig. 6. The dis- 
ss charge pressure is added to the rear end of the drive 
shaft 1 8 by the passage 83. While the compressor 1 0 is 
being driven, the discharge pressure always acts on the 
rear end of the drive shaft 18. Accordingly, force against 
the compressive reaction force increases, and reduction 
to of the drive force is achieved. The control of the pressure 
Pc adjusted by the control valve does not have a bad 
influence, because the sealing ring 82 seals between 
the pressure in the crank chamber 1 7 and the discharge 
pressure. The sealing ring 82 may be arranged to seal 
is between the crank chamber 1 7 and the radial bearing 
24. 

[0056] According to Fig. 4, the drive shaft 18, which 
is isolatedfrom the suction chamber 1 9 orthe discharge 
chamber 20, protrudes from the housing 11 through the 

50 through hole 81. The discharge chamber 20 may be ar- 
ranged inside the suction chamber 1 9. When the control 
valve is arranged in the bleeding passage, the control 
valve is easy to arrange, and the position of the arrange- 
ment may be selected from wide range. 

55 [0057] The control valve 59 is not limited to a magnetic 
control vah/e, and may be a so-called internal control 
valve including a diaphragm or bellows as disclosed in 
Japanese Unexamined Patent Publication No. 
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6-123281 . The diaphragm detects the suction pressure. 
The control valve adjusts the opening degree of the con- 
trol passage by the movement of the diaphragm. In the 
clutchless type of compressor, however, a magnetic 
valve which is controllable in the exterior of the com- 5 
pressor is preferable. 

[0056] The control valve is not limited to one disposed 
in either the supply passage or bleeding passage, but 
may be disposed in both the passage, as disclosed in 
Japanese Unexamined-Patent Publication No. 
10-54349. 

[0059] As shown in Fig. 7, the supply passage 58 may 
open to the crank chamber at the first thrust bearing 37. 
Accordingly, the first thrust bearing 37 is lubricated sat- 
isfactorily. 

[0060] The lubricating passage may be formed sepa- 
rately from the control passage in order to lubricate the 
radial bearing 24 or the thrust bearing 37 satisfactorily. 
The lubricating passage may be arranged lo communi- 
cate with the radial bearing 25. 

[0061] The control valve 59 may be arranged in the 
front housing 12 or in the cylinder block 13. 
[0062] The muffler 56 may be arranged in the front 
housing 12, or in the roar housing where the control 
valve is provided. 

[0063] The inclination angle of the swash plate 38 
may be changed directly by an actuatorsuch as an elec- 
tric cylinder. 

[0064] In the hinge mechanism shown in Fig. 1, the 
guide pin 42 having the spherical portion 42a moves in 
the cylindrical guide hole 41. The hinge mechanism, 
however, is not limited to this constitution. The hinge 
mechanism may include a support arm, a swing arm and 
a guide pin. The support arm protrudes from the lug 
plate 36 and has a guide hole thereon. The swing arm 
is formed on the swash plate 38 to face the lug plate. 
The guide pin is fixed to the swing arm and inserted in 
the guide hole. The swash plate 38 is slidable on the 
drive shaft 1 8 and inclinable with respect to the drive 
shaft 18 because the guide pin slidably moves in the 
guide hole. The guide pin may be a simply cylindrical 
shape. This simple guide pin can be manufactured more 
easily than the guide pin having a spherical portion. 
[0065] The swash plate 38 does not always need to 
be supported directly by the drive shaft 18 inserted in 
the through hole 38a of the swash plate 38. The swash 
plate may be supported by a sleeve slidably mounted 
on the drive shaft. The sleeve may have a support shaft 
or a spherical surface inclinably supporting the swash 
plate. 

[0066] The present invention may be applied not only 
to-a variable displacement compressor but to a fixed 
displacement compressor. As shown in Fig. 8, a swash 
plate 84 is integrally rotatably fixed to the drive shaft 1 8, 
and the swash plate 84 is supported by a compressor 
housing through a pair of thrust bearings 85 contacting 
respective boss portions of the swash plate 84. In this 
case force due to the difference between the pressure 



in the crank chamber 17 and the atmospheric pressure 
acts on the drive shaft 18 against the compressive re- 
action force. Accordingly, the power consumption is re- 
duced. A sealing ring 82 and a passage 83 shown in 
Fig. 6 may be applied to the compressor in Fig. 8. In this 
case the power consumption is further reduced. 
[0067] The swash plate 84 does not need to be rotat- 
ed integrally with the drive shaft 18 as a fixed displace- 
ment compressor. For example, as disclosed in Japa- 
nese Unexamined Patent Publication No. 10-159723, 
the swash plate may be supported to be rotatable rela- 
tively with respect to the drive shaft through a radial 
bearing and to incline with respect to the drive shaft at 
a predetermined angle, and the swash plate may be os- 
cillated without rotating integrally with the drive shaft. 
[0068] Not only carbon dioxide but chloro-fluoro car- 
bon and the like are applied as refrigerant. 
[0069] A lip seal may be applied as a shaft seal so 
thai a sliding seal surface is a cylindrical surface ol the 
drive shaft 1 8. In this case, a slot to introduce lubricating 
oil to the sliding seal surface is preferably applied. 
[0070] The present invention may be applied to a 
wobble type of variable displacement compressor. 
[0071] Instead of the engine 51 a motor may be ap- 
plied as a drive source driving a compressor provided 
in an electric or hybrid car for example . The compressor 
driven by the motor, even a fixed displacement com- 
pressor may not need a clutch between the motor and 
the compressor The discharge capacity may be 
changed by adjusting rotational speed of the motor. 
Accordingly, the fixed displacement compressor func- 
tions substantially as a variable displacement compres- 
sor. 

[0072] As mentioned before, the thrust load acting on 
the drive shaft is reduced, and the required power to 
drive the compressor is reduced by the present inven- 
tion. The shaft seal between the pressure inside the 
compressor and the atmospheric pressure is also im- 
proved its own durability. 

[0073] Therefore the present examples and embodi- 
ments are to be considered as illustrative and not re- 
strictive and the invention is not to be limited to the de- 
tails given herein but may be modified within the scope 
of the appended claims. 

[0074] A compressor which has a housing defining 
therein a suction chamber, a discharge chamber and a 
crank chamber, a drive shaft rotatably supported in the 
housing , a first end of which penetrates through the suc- 
tion chamber and protrudes from the housing, and a 
second end of which is disposed in the crank chamber, 
a single-headed piston accommodated in a cylinder 
formed in the housing, and a swash plate integrally ro- 
tatably mounted on the drive shaft and coupled with the 
piston. The cylinder is located between the crank cham- 
ber and the first end of the drive shaft so that pressure 
in the crank chamber acts on the drive shaft in an oppo- 
site direction of compressive reaction force acting on the 
drive shaft. A shaft seal is provided on the drive shaft 
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between the suction chamber and the first end of the 
drive shaft in order to seal the suction chamber. 



Claims 5 

1. A single-headed piston type compressor compris- 
ing: 

a housing including a suction chamber, a dis- 10 
charge chamber and a crank chamber therein; 
a drive shaft rotatably supported by said hous- 
ing, wherein a first end of said drive shaft pro- 
trudes from said housing, and a second end of 
said drive shaft is disposed within said housing; 15 
a cylinder bore formed in said housing, said cyl- 
inder bore being located between the crank 
chamber and the first end of said drive shaft; 
a single-headed pisLon disposed in said cylin- 
der, said piston being reciprocally movable 20 
therein; and 

a cam plate mounted on and integrally rotating 
with said drive shaft in the crank chamber, said 
cam plate being opcrativcly engaged with said 
piston, whereby rotational movement of said 25 
drive shaft is converted to reciprocating move- 
ment of said piston through said cam plate. 

2. A single-headed piston type compressor according 
to claim 1, wherein the suction chamber of said 30 
housing is defined adjacent to the first end of said 
drive shaft such that said drive shaft penetrates the 
suction chamber and protrudes from said housing, 
the compressor further comprising a shaft seal ar- 
ranged between the suction chamber and the first 35 
end of said drive shaft, thereby sealing the suction 
chamber. 

L A single-headed piston type compressor according 
to claim 1 further comprising: 40 
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to claim 4 further comprising: 

a rotor mounted on and integrally rotating with 
said drive shaft; and 

a hinge mechanism arranged between said ro- 
tor and said cam plate. 

A single-headed piston type compressor according 
to claim 5, wherein said drive shaft is inserted in an 
axial hole formed in said housing, the axial hole 
communicating the crank chamber with the suction 
chamber, and wherein said shaft seal is mounted in 
the axial hole to seal clearance between said drive 
shaft and said housing. 

A single-headed piston type compressor according 
to claim 5, wherein said spring urges and inclines 
said cam plate in the direction of increasing said 
cam plate angle with respeel lo a plane perpendic- 
ular to an axis of said drive shaft, at least when the 
inclination angle of said cam plate is minimum. 

A single-headed piston type compressor according 
to claim 7, wherein said spring is released from its 
contact with said cam plate when the inclination an- 
gle of said cam plate is substantially maximum. 

A single-headed piston type compressor according 
to claim 7, wherein a first end of said spring contacts 
a thrust bearing arranged between said drive shaft 
and said housing. 

A single-headed piston type compressor according 
to claim 1 further comprising a control passage 
which communicates the discharge chamber and/ 
or the suction chamber with the crank chamber; and 
a control valve disposed in said control passage, 
said control valve adjusting an opening degree of 
said control passage to adjust the pressure in the 
crank chamber. 



a regulating surface formed in said housing, 11. 

said regulating surface receiving an axial load 

by compressive reaction force of said piston 

and regulating said drive shaft positioning in the 45 

axial direction of said drive shaft; and 

a spring for urging said drive shaft lo said reg- 12. 

ulating surface at least while the compressor 

stops. 

50 

4. A single-headed piston type compressor according 
to claim 3 further comprising means for controlling 

an inclination angle of said cam plate which is in- 13. 
clinabiy supported by said drive shaft, whereby a 
stroke of said piston is changeable in accordance 55 
with the control of said cam plate inclination angle. 

5. A single-headed piston type compressor according 



A single-headed piston type compressor according 
to claim 10, wherein said control passage commu- 
nicates the discharge chamber with the crank 
chamber. 

A single-headed piston lype compressor according 
to claim 11 further comprising a muffler chamber ar- 
ranged at a downstream of the discharge chamber, 
wherein said control passage communicates said 
muffler chamber with the crank chamber. 

A single-headed piston type compressor according 
to claim 12, wherein the discharge chamber, said 
muffler chamber and said control valve are ar- 
ranged from a first end to a second end of said hous- 
ing in the axial direction in turn. 
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14. A single-headed piston type compressor according 
to claim 1 0, wherein said control passage is a lubri- 
cant passage. 

15. A single-headed piston type compressor according 5 
to claim A, wherein the first end of said drive shaft 

is always operatively connected to a drive source, 

16. A single-headed piston type compressor according 

to claim 1 further comprising: to 

a lubricant passage communicating the suction 
chamber and/or the discharge chamber with 
the crank chamber; and 

a bearing supporting said drive shaft , said bear- ts 
ing being located in said lubricant passage. 

17. A single-headed piston type compressor according 
to claim 1 further comprising a passage for adding 
discharge pressure to the second end of said drive 20 
shaft so that force due to the discharge pressure 
against compressive reaction force of said piston 
acts on said drive shaft. 

18. A single-headed piston type compressor according 25 
to claim 1 , wherein carbon dioxide is applied as re- 
frigerant gas. 

19. A single-headed piston type compressor compris- 
ing: 30 

a housing including a front housing, a rear 
housing and a cylinder block provided between 
the front and rear housings s the front housing 
having a suction chamber and a discharge 35 
chambertherein, the cylinder block and the rear 
housing defining a crank chamber therebe- 
tween; 

a drive shaft rotatably supported by said hous- 
ing, said drive shaft having a first end protrud- 40 
ing from the front housing and a second end 
disposed within said housing so that said drive 
shaft is urged frontward by pressure in said 
housing; 

a cylinder bore formed in the cylinder block, 45 
said cylinder bore connecting the crank cham- 
ber to the suction and discharge chambers of 
the front housing; 

a single-headed piston reciprocally disposed in 
said cylinder bore; and so 
a cam plate mounted on said drive shaft within 
said crank chamber, said cam plate being cou- 
pled with said piston and integrally rotating with 
said drive shaft so that rotational movement of 
said cam plate reciprocates said piston in said 55 
cylinder bore; 

whereby compressive reaction force due to the 
piston reciprocation acts on said drive shaft 



rearward against the pressure in said housing. 

20. A single-headed piston type compressor according 
to claim 19 further comprising a shaft seal sealing 
a clearance between the front housing and said 
drive shaft, said shaft seal being disposed in the 
suction chamber of said front housing. 
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(54) Variable displacement swash plate compressor 



(57) A compressor which has a housing defining 
therein a suction chamber (19), a discharge chamber 
(20) and a crank chamber (1 7), a drive shaft (1 8) rotat- 
ably supported in the housing, a first end of which pen- 
etrates through the suction chamber and protrudes from 
the housing, and a second end of which is disposed in 
the crank chamber, a single-headed piston (34) accom- 
modated in a cylinder (33) formed in the housing, and a 



swash plate (38) integrally rotatably mounted on the 
drive shaft and coupled with the piston. The cylinder is 
located between the crank chamber and the first end of 
the drive shaft so that pressure in the crank chamber 
acts on the drive shaft in an opposite direction of com- 
pressive reaction force acting on the drive shaft. A shaft 
seal (46) is provided on the drive shaft between the suc- 
tion chamber and the first end of the drive shaft in order 
to seal the suction chamber. 
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